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A CATALYST COWPOSI TI ON USEFUL | N THE CATALYTIC
REDUCTI ON OF SULFUR COVPOUND CONTAI NED I N A GAS STREAM

WRANDIASNBIHOD OF MAKI NG AND USI NG SUCH COVPOSI ACTONS20h&075913

present invention relates to a catalyst conposition
useful in the catalytic reduction of sul fur conpounds
that are contained in a gas stream a nethod of making
such catal yst conposition, and a hydrol ysis process

f OrcAa vsed gonbySI TIONW ISEFON Off SHE faNTATNMQUAESUCTION OF
C U IHURE doMPOBNY SCONIA TN INNAt GBS VEIHEAMAWD A REBHOD OF

process, an aARINBANDASINGNSBCH SCOMIDSTiTbNCant
percentage of hydrogen sulfide (H 2S ) is conbusted in

a thermal stage in order to_oxidize a portion of the
H2S tI3es BFFEPT Hi BXIUE 1CSOPRLapf st onsiadAilgati gomposition

ety10lilhednh80ca8a 10 fthetehy.t PEQVA e A R0CeRSo9a$s that
stream contai ni ng H2S and SO2 that are present therein

F¥P SiPPAPpRERi Mate IRl &CTratl o2 dReqfbIds Mek PR S5 et

Ml £ Qf SRpb2i ddon,Thind: Br 8GESS1 G8Ss %ﬂo%%@s' sopasised
to a catalytic stage whereby the H2S and SO2 are

FBttted e AOTHRT PrEsetfc WS VANCATRANTTE CRNAPYBEdi R 2 gas
accordance wth the Caus reaction to yield el enental
sul fur and water. The sulfur is then condensed from

t he dragéer sattiorrgas laaadracctaus amidcigagastleaim i s

é@r@da‘i%@ TQ?gﬁ@f&ﬁ@'ﬂer&@%té&é e@f“ﬁ%ﬁ'o%@'n' ¥u§9{‘<§@' N8s)

smal | concentrations of H2S and ot her sul
Tormrolmgs cds e he agher8ed, stappohn db i |t@eoe<@@.12§> a portion

&@ﬁgnlsf & ngsehement al Lo6S)g- In
raer CZ)E %{%‘Iléslﬁt éﬁrc%gélg{@rgsa(ﬁ]to egco%ufss#elg 0?
otherdilsd dpsposed Wdferety pusvide 4 wrdves spoesessethn n

%er £ nﬁ%gr EE@ e Jnugh of .t he . %ﬁl‘egg& h@}geeg% M0,

r ovi e a treated gas having a sufficiently
dmwrsulnbie nohdenmntattimatofall owses taf dofbpstimnloot SO

(2:1). This process gas stream is passed to a catalytic stage
whereby the H»S and SO, are reacted in the presence of an
alumina catalyst in accordance with the Claus reaction to
yield elemental sulfur and water. The sulfur is then
condensed from the Claus reaction gas, and a Claus tail gas
stream is yielded. The Claus tail gas stream typically
contains small concentrations of H,S and other sulfur
compounds, such as, S0, carbon disulfide (CS,), carbonyl
sulfide (COS), and elemental sulfur (S). In order for this
tail gas stream to be combusted, or otherwise disposed of, it
must be further processed in order to remove much of the
sulfur therefrom to thereby provide a treated gas having a
sufficiently low sulfur content that allows its combustion or
release into the atmosphere.

One method by which the tail gas is treated is to pass
it to a reduction reactor whereby the sulfur compounds (i.e.,

30,, CS;, COS, and S) in the tail gas stream are
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rel ease into the atnosphere. One nethod by which the
tail gas is treated is to pass it to a reduction

w0 e@evsmo1wher eby the sul fur conpounds (i.e., SERT/USHB$/075913

COS, and S ) in the tail gas streamarecatal ytically
reduced to H2S to thereby provide a treated gas stream
havi ng a reduced concentration of the sul fur conpounds
due to their conversion to H2S . This treated gas

Sdteamimay 1theaghbed wd es f aerssed booteadve the tHdSqas
therefrom for exanple, by passing the treated gas
StTEAMPPS LAA AbEYT P DI R T et @by fi f-1Es SEbAF ActEPounds

Md arnabsorbend r§10in freMays ngriihke tlfl%&&ao%as heream may
treated gas stream One early process taught U. S.

b
Pt hﬁofugFQSH,?ﬁﬁF%ﬁ%ﬁﬂ desTEBYVE He'S éhbv e%ﬁggﬂghbéﬁr
O, 1 8¢, phs&ing GIR theama gas sideamdbyafakigd yidiGon
hydrolysis 1nto S . Disclosed in this patent is a

PHdc ede IBYPYwhE chs (X HastrEntvel 37 GHRSOEREOSt FOR Bses ng

tihaty,al 800k oAt aX¥aeadYsfid=5t. contacting the gases
Wi th an active hydrogenation catal yst for converting

the G¥PgEATANIOrPHETARPLERE BBNY att iARg t HE -r estbd i g

suhstant isgh! ynoxygen;fir e 98585y WA (098, conyer si@n
] OBt o 3{2723 Th

catal yst for converting the e H2S can

f1eh sheapeAbied By dvdorptienhydrrel xovénsPoh:of Ddeslosed
may.he ebhecteds al f.eppekabyrgs: bel@w 130 06ovedhe - L0O5

conversion catal yst includeS alum na having a specific
sUrdEdd car 6ase? worte allsancootady (eaitkrc &Y Eonthi PrHReEting

e §%SG§99H Q%IaéﬂyygoﬁggEgggpégﬂdn'Baﬁylyg%ig B

Furt’her enbodi ments of conversion cat al yst
¢orctade nohehpr eserroe ander éhared faar arroute cofinal Kag |

%?%?{t&g%o%%@{&ntﬁﬁef to%i{g@ﬁt—ﬂ%%séa&etsh%iﬁﬁgapé‘é@”t

re i ndicatin t he conversion cat al yst
trasyantsitlont gatalvée raedyeniventofig otlrerCoSultbul.ofeuhds

Cc’a\'hChch%% ggsrer%gyec?%dy %lb%g%gtc?gn.S’uf}]feurdon%q:ggggrofO&% may

requi renen
be effected at temperatures below 150 °C. The COS conversion

catalyst includes alumina having a specific surface area of
more than 50 m’/g and can contain one or more Group VI and/or
Group VIII metal oxides. Further embodiments of the COS
conversion catalyst include the presence therein of an amount
of alkali metal phosphate. There is nothing in the ‘689
patent disclosure indicating that the COS conversion catalyst
has utility in the reduction of other sulfur compounds such
as CSz, S0 and elemental sulfur. Moreover, one requirement
of the process of the ‘689 patent is for the combustion gases
to first undergo a catalytic oxygen removal step so that the
gas that is treated to remove the COS by catalytic hydrolysis
is substantially oxygen free.

U.S. Pat. No. 4,668,491 discloses a process and catalyst
for the selective catalytic hydrolysis of the sulfur

compounds COS and/or CS; that are present in a carbon
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of the process of the 689 patent is for the conbustion

gases to first undergo a catal ytic oxygen renoval step
W@ 00vk3014 he gas that is treated to renove theP@2BS1998/075913

catal ytic hydrolysis is substantially oxygen free.

U S. Pat. No. 4,668,491 discloses a process and

catal yst for the selective catalytic hydrolysis of the

sul fur compounds COS and/or CS2 that are present in a

@@fcb@@@o@@xtaenglo@t@dae@g BEOCESBSe gasirolReibyds ol ysdts
cat al yst d| scl osed by the M1 gat ent includes chrom um

RO Vi i T EEP tCOMPDINRE SUTEBrERIOBHIBENT an

&l M N aX i densAHd &fuppol-hecgadies @l MNiauhebRgad Nesrrier
preferred form of al um num oxi de. The carbon nonoxi de

ot GRETGT 2L HEL B GRUSY GRS PECSPHT iToafit Candlyainun

pasged Toderathen YHOlRI sopatat Vst téHe eopeEatyesid n
the range of from 100 0OC to 350 0OC . Pat .

SLI3E 1098 tdPEE| 3P BT 6E8EsThA W%ytsﬁé safadyst at
cammounds «of 1 $he G32,gcCOP andnel giment ab s for,

contained in a Claus unit tail gas (residual gas) are

cat al¥tSi-c&rFy Bonvertid 08y €i & he?sHy dr 6GER&EF ohn gyhich the

hydral ¥ ohiRas2sr -sobhi 8shydioeggenat & of Qe Ny dr9kysi s
treatnent is carried out at a te erature in the range

einfriemdl40 8C 1o S50 0Ctasingea terdidpsd phat are
&Ml@tq%a@momeqf R BBLAL . Selecied hhom BPehydrolysm

netal's of groups Va, Via and VIII of the periodic
tabil:€ - whh th H@Wﬁ@@fﬁ@@@l on hydidliveasorretied/ dlsusiengied

SUPRAr &, tAmEQE&\E%%%J g eCabakySte disGl @9pdod . 4 1 (098

pat ent includes alt oxide and nol ybdenum oxi de
welpusiat edteaval uriata.coliielast hecQ@®Yrat et adinstd bses cted

P RIS o @%hyd&? ﬂ\{;@ a1 opLegnatad woteh 1, ﬁ? o e

al t an8 Yo bdeniim there are no teachings
t@hﬂcﬁemﬂwm@ t hederomgas ofont hesel conponeritls coralumina
%Co%”' 9,Lhe. éﬁééﬁﬁ cﬁ%a?w?‘ é‘Jfas foste'?ie GalAlysfog

urtﬁer no recognlt on o |nportance

patent includes cobalt oxide and molybdenum oxide deposited
on alumina. While the ‘098 patent discloses a catalyst
including alumina impregnated with 1.75 wt % cobalt and 8 wt
% molybdenum, there are no teachings concerning the ranges of
these components or concerning the form of the alumina of the
catalyst. There further is no recognition of the importance
of the pore structure characteristics of the catalyst in
providing for low-temperature hydrogenation and hydrolysis
reactions or in providing for high conversion of sulfur
compounds to hydrogen sulfide.

U.S. Pat. No. 5,132,098 discloses a catalyst for use in
converting sulfur compounds, such as COS and CS,, contained
in gas streams to hydrogen sulfide. The catalyst includes an
inorganic oxide support that is impregnated with a mixture of

metal oxides that includes oxides of at least three metals.

The preferred catalysts are those in which the inorganic
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of the pore structure characteristics of the catalyst
in providing for | owtenperature hydrogenation and

W y@poB9se s reactions or in providing for hi ghPCT/US2008/075913
conversion of sulfur conpounds to hydrogen sulfide.
U S. Pat. No. 5,132,098 discloses a catalyst for use
in converting sul fur conmpounds, such as COS and CS2,
contained in gas streans to hydrogen sul fide. The

satal wsiopbRel ugdes:an durobgank ¢ ©Xd te-3RPoKtat iatnd,S and
I npregnated with a m xture of netal oxides that
PhATdES 6Rr desr ot atlAredst FEhree mdtald, Fhgre each of

prefrrzadogatab ysd ofentheseai guai el the from about 0.05
i nor gani coxi de support is al um num oxi de, preferablyh

s favtand bxide@0FREn, LIRE G, NbALWT Fe, piired

et Neaiwhenecgagh fre lih%tHEt 8kigxd des is present in a
quantity of from about 0.05 to about 4 wt %. It is

not abl-e St h&BLt ¥ ct/dI8Ps 7P s A+ gl $%d Ao ad 5L AR rCA s t

Sedg mBtalroxifles: A suPrurPntNhing, 889e37ither by
di scl oses an alum na catal yst used for the treatnent

S ISHNRUPYE oA P3P JRSES1ENt PerP by YSHORyRAE - ollke t he

Qaus deaski 9n 95 ¥ AdrakyshSrosithe m@l%tr@llﬁsitp%%lty
optim zed macroporosity wherein its porosity is such

thatuathéhesl bhe Thlule 1poFes Beres tdemgeat eFedtan than

@ ﬂ-ﬂﬂn Q O@@OA ﬂsi éﬂ%%%tﬁﬁaﬁhﬁﬁ ﬂﬁ?ﬂﬁ@%lgggcgéalyst and
catalyst "and that the ratio of the volune in the pores

Ofatditaweret igr eftidre todnme A (10, DO ACF foatpieer greater
UlINE hin (8 heo PO oS ©f (ALauel ghe ofeates 1180 O laferer

(1, 00 ) I's greater than or equal
<a1tqmqenfa tiray Possibl L, t@éJOaAi) raﬂs@maiwralt@mnnars@dz@@t (Erey

(h<§3d“ 1he QEEMP?QQ@}E %%;% }5%0 (tOL)an’ l%lgn(giur?gﬁzsa

wﬂdecale@hér@a) thdheroat aloyst shayg apdﬁmhoorfal I,beQn(>a)| n exa
gﬁt s d‘%g Th}?%&ée Qf thge Egtgé)yStde 'ﬁtﬁﬁ ydr ol yshs,

appe rs t w(e a significant i gh reactor
u@npdm@tGBEabu$tsmayIaddltlonally contain a metal oxide. The
use of the catalyst in the hydrolysis of CS, appears to
require a significantly high reactor temperature but still
without providing for a high CS,; conversion.

It is desirable to provide a process for the catalytic
reduction of sulfur compounds (i.e. by the hydrolysis of COS
and CS, and the hydrogenation of SO, and S to H,;S) that are
contained in a gas stream, and, in particular, to provide for
the catalytic reduction of sulfur compounds that are
contained in a Claus unit tail gas stream.

It is also desirable to have a catalyst composition that
can provide for the low-temperature reduction of sulfur
compounds contained in a gas stream, and, further, provide

for a high percentage conversion of such sulfur compounds to

hydrogen sulfide.
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wi t hout providing for a high CS2 conversion. It is
desirable to provide a process for the catal ytic

WO egosdoon of sul fur conpounds (i.e. by the hyRPEDUFH0§075913

of COS and CS2 and the hydrogenation of SO2 and S to
H2S ) that are contained in a gas stream and, in
particular, to provide for the catalytic reduction of
sul fur compounds that are contained in a C aus unit

tai |l gas,steeaniiddl,s pabsaddesis abl®itz0 yRaveodposition
cat al yst conposition that can provide for the

T%ﬁ/@”{leﬁﬁefiﬁ? uretedu& |r8ﬁU8Fl%ﬁl ?%rs%&ﬁ*ﬁoﬁﬁﬁgounds

&S AINREGd 1 hNa agHass std=@adMyhandin f et @l apkevi denf i@ on
hi gh percentage conversion of such sul fur conpounds to

HYFHOGES ‘sal FIes THUST CaBc 8F di Pty , CPEOVEaEdaPS & 9roup

eatalyst1coppeshdion weekuh Qg hescataltytbepbeoutdd s a
of sul fur conpounds contained in a gas stream wherein

RAU CAVAFYEe Sofposiati enlesaprreeEe tddgnihatla frloulp pore

Wluetal sgegpenentyAndapdsoupoYlid Jmtal ne@mponent the
wherei n said catal yst conposition has a pore structure

RUH tHafaadl &f el Per CORPagetopn ey 6t 8l PR6P el vIRhfE

Sfesaid reahal iy sho € HPasi; ki gatwy&mcﬁm%qt%h hi g the nade
pores of said catalyst conposition having a pore

o drfsrceiPogreat@ra tHev Pl L0006t AL . COMa cg4t ahglsg group VIII

£OMPOSitBR 68N DE, made by hACcoL Pofatd %m@r%@h‘dt? Midmina
netal conponent and a group VITI netal conponent into

Tawlw%mma paati £l & cdnpicestaga bl Rmina cRarenghabres

i HQ (8,0 f SOt Al ROKEYRL Ugepéﬂ%atdlaﬁe%?t @f%ﬁ%
MAt in the pores having a pore di aneter greater an

qr@aroa@ A0PoAt hergdrgrovirdeida $mtierirediediieteanand
d te t
ﬂyn%gs§§a 1ﬁ{gﬁﬁég%% %o Qhéﬁgggq%xgﬁe%ygglﬁa%%éslyst

cata yst  conposition . I's a hydro
pracesdiosenpri si ng: |ntrodu0|ng a gas streaminto a

reac%ﬁ%otE?gviée&p§!%$%§d?glysis process, comprising:
introducing a gas stream into a reactor that is operated at
suitable reduction reaction conditions, wherein said gas
stream comprises a sulfur compound, and contacting said gas
stream with a catalyst composition, wherein said catalyst
composition comprises alumina, a group VI metal component and
a group VIII metal component, and wherein said catalyst
composition has a pore structure such that a large percentage
of the total pore volume of said catalyst composition is
contained within the pores of said catalyst composition
having a pore diameter greater than 10,000 A; and yielding
from said reactor a treated gas stream having a reduced
concentration of said sulfur compound.

FIG. 1 presents plots of the measured cumulative pore
volume versus pore size diameter of the inventive catalyst

composition and of a comparison catalyst.
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suitabl e reduction reaction conditions, wherein said
gas stream conprises a sul fur conpound, and contacting

W@ 2000/0308$9 stream with a catal yst conposition, RMEDS1008/075913

said catal yst conmposition conprises alumna, a group V
| netal conmponent and a group VIII netal conponent,
and wherein said catal yst conposition has a pore
structure such that a |arge percentage of the total

por e (el .unepeéssad d ateal y$t O MOsd ddan insréaatedNetbre
within the pores of said catal yst conposition having a
ForeEdivareter PoFeat e tdﬁéﬁei@ro% e IANGy i BE dF PP LY St

Esipsaiidnr eagt OF A ddngatedogasasirLam having a
reduced concentration of said sulfur conmpound. FIG 1

pr eseF&th Bl BESS TS Fd-ArSastir be cetrAcatingé 1pbr €SVt uife the

yensihspenershze e ameteruef cbhgol Ny eaitvescahal ysteated
composition and of a conparison catalyst.FIG 2

PreseriesTpl 608 df e Lysas uF edc | e resfetan poted vl Ui

MRS SiUS; PRk e StZEa O Aaetelr, ebnbhe: ddwentdvescatal ysdatr a
conposition and of a conparison catalyst. FIG 3

FreserrsTprersabtithéoncentrati on | evel of the

car banyl c%%‘i%zg@ dOB)e sultUr: sOMpoURd L BaLiLs {1k nake
treated gas streamfroma hydrol ysis reactor operated

Usmﬁgftéwﬁéﬁly hes¢ fiVlerdt Feecaput ytrsrtareorpari soir

Al st st 9rt EeAFLA GRRBhESAM SO A NG -PBq irxli‘ea gas
catal yst of the invention has properties that nmake it

pargdrcubar Iy usefwlPd mseleFoort enfder dcure "bagabyidis” ©
AYArohysis « 8 L SUlf W+ d %HQUPQécE A &i¢cpntabped,, '@o@

gas stream A s it 1s to be used ereiln, the t erm
wihydreitesi $H:Gayor gfiel dbdtsh ang £he CI‘WdCIOOrW@I Bydeeusriagnon

Péaﬁé%%%f%@t}?%r%? Wth vatery & % ’CS'ﬂ &Kg&s
an or to the drogenatlon eacti on O et

ord,Sxi nwitthk hy@l%o@értl(ws@)z tergfiigind H2SeandThe reatied yst of
€358 Rt B8, SR HEACHL QN gwat 80, JD€.62L3LY¥RE10F nign
conversion of sulfur compounds that are contained in a gas
stream to be treated even when the catalyst is used under
relatively lower reaction temperature conditions than those
typically required with the use of comparative catalysts.
While the reasons for this exceptionally high performance of
the inventive catalyst are not known with certainty, it is
theorized that it is a combination of the unique pore
structure of the inventive catalyst along with the specific
types of metals and the high metals loading of the catalyst
that provide for such exceptional performance.

The catalyst composition of the invention, thus, in
addition to the metals loading thereof, has a unique pore
structure wherein a large percentage of the total pore volume
of the catalyst composition is contained within its pores
having exceedingly large pore diameters of greater than

10,000 angstroms (A). This large percentage of the total pore
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the invention further provides for an exceptionally

hi gh conversi on of sul fur conpounds that are contai ned
WO p009/03M$9 streamto be treated even when the cCBCHUyHNS/075913

is used under relatively |lower reaction tenperature

conditions than those typically required with the use

of conparative catalysts . Wiile the reasons for this

exceptionally high performance of the inventive

€t adey st ahe BotaknowronicbBi€esh atdinaineld Wwsthheotiazedres
that it is a conbination of the unique pore structure
of RHE AFRREFTeIER Ay S281 AP th tiffe 9§pBERE  cShould

dypess afp petabst and e thicgh petalwoilerdi ng 0f Bdeieved
cat al yst that provide for such exceptiona

%ﬁﬁ? _ ﬁéégeT%%F?%ﬁ@%gfspfcéﬁﬁ%%iR?Qﬁ1WﬂiuﬂﬁethaF is
ESmentie@n i nt AS, e 1 2ddirb0po ks the iRk s sl eading apility
t hereof, has a unique pore structure wherein a |arge
%%ﬂ@éhf&@éléftt?@ﬂRQﬁ%ﬂloﬁoF@ Q%@@H%Edkmtﬁéecﬁf%¢yst
&EHRASI;i OBk S1 &P RIRed t Wik N Patd S/ ar @3 BaYERY compounds
exceedingly large pore dianeters of greater than

9D, D0 SafGSEPBNBVLAVWRETTRIS FaAFYLY PerCE8wPragelor thesed

Ll Rarevehunenf ihe calahysiy CampPegihi et CONt & nedn
W thin the pores of pore diameter greater than 10, 000
FSequs @@ﬁé?aY?lgﬁﬂﬁHQ$-e%@éedth@SpéﬂbéﬁtPéﬁfﬁﬁée@cﬁQﬂ the
por&molumenel o5 beliceved hbat s the | arge per cent@gs ion
of total pore volune that is contained in the extra
teatge sporesacont rithuttes Pooepherl abp1q (i a6 tehegted &ty sthan
FOMRAS A IBNCkOe i 0 de.Loh.t e Lo HONVEESLOB Bk of che
| owt enperature hydrol ysis of sulfur conmpounds of a

s lststeanmevent Wiven lithé scavan yserc amgdsicrednt s usied
pndes, seactbon. condidd as Loyol Y40 dde apakLeats o

I gh gaseous space vel ocities. d, thus, It Is

prefartegd foretde Permrsenensot the total pore vol une of

the %%%?%¥§tu§9g&§ g&!%ﬁtghgk £§ g&ﬂ%@%&%gckprétéf the
pores of pore dra tef)gr ater than 10, to exceed
ISy qraricentabvdlydie daotralsipore Viobwihe dfo thesibly contribute
to its exceptional performance in catalytic hydrolysis
applications is the bimodal distribution of the size of its
pores. The catalyst composition has the property wherein its
pore distribution is such that its pore volume is
predominantly contained within pores having exceedingly large
pore diameters and pores having small pore diameters but with
very little of the pore volume of the catalyst composition
being contained within the pores having mid-sized diameters.
Thus, a significant proportion of the total pore volume of
the catalyst composition should be contained within its pores
having a small pore diameter, i.e., a pore diameter of less
than 70 A. This significant proportion of the total pore
volume of the catalyst composition contained within the pores
of pore diameter less than 70 A, in general, should exceed 10

percent of the total pore volume. It is preferred for the
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catal yst conposition. It is even nore preferred for

this percentage to exceed 25 percent, and, nost
wee@beswed, the percentage exceeds 35 percent.PENUS1968/075913

uni que property of the pore structure of the inventive

catal yst conposition thought to possibly contribute to

its exceptional performance in catalytic hydrolysis

applications is the binodal distribution of the size

©frddrs per ese dheaataaleysbleeapesidionratasybbecomposition
property wherein jts pore distribution is such that
flat ﬁ&r@oﬁéﬁﬂﬁ%ﬁl%P;ﬁh§d@ﬁFﬁ§n?Fyp?%ﬁHQ%aﬁ§Ge%A%ﬁ?% than 70

poresavungsexseedingly thar gecpore 4 areLeES 8hdis more
pores having small pore dianeters but with verz little

]%1?9@%eﬁolf@rv*b]llb?ré)@d?cet“ﬁégéa?%l $81° bSO SPEFBRC betty most

%_Me’:klﬂ%%ld whi hbor dhe pRr escbays ngs Md-ginzed di aneters.
hus, a significant proportion of the total pore

voluﬁ%“@PS?h@n%a@%ﬂy§%e@éﬁﬁéé?%l%ﬁﬁ%ﬁﬁﬁﬂrésﬁécéo%fdﬂﬁ%d

Mthind berposesuavidng sarspal L poned amptgn, i.e., a
pore diameter of less than 70 A . This significant

THOPFRACEATEF 2hedeor@d pELevy o isorhaoBahl st total

W%lbh@noﬁoﬂﬁ@'é&% :gstthbem}%@ltpﬂfrﬁ%o@lfta@%& in the
di aneter less than 70 in general, should exceed 10

prefcett BPTrehel et r &@nsé VBPHW%O Z}tshogllﬁr Bfeteed fhom 70

tdepsrcent b the, t Pple RO ENYOIl tiTe; Of, Lhe cabatystine
conposition that i1s contained in the pores of pore

Rf Ffette o] 658 toiaml TOTA volexeeel B perednst ofomrsition
{i0t:al; POLELYOL YR Il d %o%%eoPrﬁ&zeéro%%mfe%r“ﬂ Ss than 70

percentage to exceed 25 percent, nost preferre
Eb H’@ pk@r é@ﬁﬁag@a@x@%mcsstpefcém tCB@da@Qéeon@lme,t kend,

ent gl ¢0gr acs efc!rStt' ggrgﬁﬁt{] A A ysk RALE than 60
av as

stru tureis for it to macr oporosity,
rkefdared EQU@M/f®1KE¥ﬁmN@@Dthﬁ BfOH¢K¥HQ®t@E pbeetQtﬁlun@re

M1 dhe Gatglys T% ° '%%Q'E?ﬁﬁ a:}c!(]qecb d i E e%toefs of
pore dianeter A ess t

pore diameter less than 70 A can be in the range of from 10

to 70 %, and a particularly preferred range is, for example,
from 35 to 60 %.

The catalyst composition of invention may further be
characterized by its macroporosity. The term “macroporosity”
is used herein to refer to a measure of the porosity of the
catalyst composition as represented by the percentage of the
total pore volume of the catalyst that is contained in its
macropores. The macropores are the pores of the catalyst
composition having a pore diameter greater than 350 A. While
the pore structure characteristic of having a high percentage
of the total pore volume of the catalyst that is contained
within its pores exceeding 10,000 A is recognized as being a
particularly important feature of the catalyst composition,
this property is encompassed by macroporosity property which

should be greater than 30 %, preferably, greater than 35 %,
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percent of the total pore volune. It is preferred for
the percent of the total pore volune of the catal yst

W@ 09p390te on that is contained in the pores of PEDS2008/075913

di aneter less than 70 A to be |less than 65 percent of

the total pore volune, and, nore preferred, is for

this percentage to be |l ess than 60 percent. Thus, for
exanpl e, the proportion of the total pore volunme of

dhe cabtal ystrepapos| Jreateentained) ien trhenpeegsa®dve, very
fore di aneter less than 70 A can be in the range of

OThELO Tt 61905955 . dTRT a "BAPEE ool a1y BHeharF et r aiyeined

Wﬁbhlfrppch%xﬁlgﬁbﬁmrésfclm 3%t 0269196t . ThR GakabYSts are those
nposi tion of invention may further be characterized

Weist SEEropdr OST 1y e PEER n? "RRIG SPGFESPEYPeFeeUsed A
herejapy tio refer to a neasure of the porosity of the
catal yst conposition as represented by the percentage

of tHe fdtarePore dRSIMeme 16f 18 heheatidgfst-heRat 1pssome way,

ent@imedak Roht St ML QRRLESce THEN TRGRPOLESHBI et alyst
pores of the catal yst conposition having a pore

eRERASLER Ofr @At @rld it PISOOCATIOWR | elttsnéofﬁéllepgif? U

char act ebhshi 6o @f i havdng @Al ghy 298 Qtelher than
total pore volune of the catalys that is contained

W AN A £8dpdr £3T EX cEEHOnG 120, 000! W i TPecBYRP zedl Wy that

being aipapt Egubal | 3 d1TROr Lant s f eat WL %ahh% catal yst
conposition, this property is enconpassed

by
thrrd@@rt@@ t9 properigpeili eReshall ehisd viieaPepre are 30T
He REEHeLRI ¥ar O Gat %e'hh@@ §§ Jgecﬁ% APECytic

preferably, greater than 4 . s noted above, very
hydndle sl eheliortalonsor @neob@n’ehe)fphmem@ét akgeerises of

contained wt bl o {he mw; gBQ;?% offhe catal )ﬁ’§ts A0S £
mesopores are those pore %e cat al yst t ave a
Poree dicanetbbte bé@aﬁzemsmwfandl@%ora&lo Afsighk| poed tgume
s gk Sspnonl e Hhaks L AR APKLAE 0 oo
Tt glopst volume that is contained in the pores of less than
70 A (also referred to herein as the large/small pore ratio)
to exceed 0.6. It is further desirable for this large/small
pore ratio to exceed 0.75, but it is more desirable for the
large/small pore ratio to exceed 0.8. It is most desirable
for the large/small pore ratio to exceed 1, and it is
especially desirable for the large/small pore ratio to exceed
1.2.

The catalyst composition of the invention has a
relatively high metals loading while still having the
characteristic of a high macroporosity. It is believed that
this combination of characteristics provides a catalyst that
is particularly useful in the hydrolysis of sulfur compounds
under low-temperature reaction conditions and at high reactor

space velocities. Thus, the catalyst composition can contain

a metal component of either a group VI metal compound or a
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conposition of a large proportion of its total pore
volunme that is contained in the extra-Ilarge pores of

wWQ@Qe@ana14 han 10, 000 A and a | arge proportion RPET/US2908/075913

total pore volune that is contained in the snmaller
pores of |less than 70 A contributes to the uniquely
special catalytic properties of the inventive catal yst
when it is used in catalytic hydrolysis applications.

&refvitthenphysi €alpprmepedti gstof dd@drkvieBt b¥eboth a
cat al g{st con‘gositi on that reflects sone of these
HI Befaat crEeye faf Pt 9TPER i of 1ot mieFé‘lpSPIép‘?ﬁHi‘%ne

that Tre ¢eBhal Netnd thit Remperest ob gfk%atc%rtaﬂgéﬁ d&00 tion
Ato its pore volunme that is contained int ores of

12sEWERI767 A (RIS FEPEPr 8d TR et & m§§af~h%0mpounds

hadge/isebhoPRs €1 datiidh taceXered dnfonkhtkSoburider
desirable for this large/small pore ratio to exceed

A Y SBuCOMPOF St Hfte SHesPPall BTGk He argel gwal |

RS Jiatiba torexseed, . nhbird sy st desihkabl eof@buide
| arge/smal|l pore ratio to exceed 1 , and it is

Bperioar YIdesirhtia 6 Sehectaf gersheie Faperraf itetad s

&exreed 1142 ofTE'ﬁr&ﬁtﬁl HFol%HPQ%térQﬁ 1Qfhgkheni nygat i on
has a relatively |gh nmetal s | oading while still

PR aTg StheT eRar Betiertiost e 6f Thehihl HateropopasFeynium,

4.5 beljseved.kbato 4 hiss ganhbnathon,Qf characteristics
provides a catalyst that is particul arly useful in the

hydr dihgsiogosp Shlmfairalc Gopeandst upridraiined- tenpee atairal yst
5&@5‘&&%9%95%@% angd af  high.1 eagtPr, , SRACHe form of a

velocities. Thus, the catal yst conposi t| on can contain
ree treelt aiom@@npdneﬁmcmfasel tther eaarg@lmp a loxpedeal a cowploisrd

%(d ac%"‘i@ké(' '@q ah?éu %O'EF%WEQQu gr\“e‘t%'l %”P@{e‘f?éfraelt%; t

a group ound a group
mjmmrtdonThengb@wm \thie metap c@mﬂanttooﬂot he. ©
ryc%tl %8@?9%%&{‘ (5%%' eoted [LoMmd ReSengromp. N de

a S or
comp031tlon Preferably, the concentration of group VI metal

in the catalyst composition is in the range of from 3 wt. %
to 15 wt. %, and, most preferably, from 6 wt. % to 12 wt. %.
The group VIII metal component of the catalyst
composition is selected from those group VIII metals or metal
compounds that, in combination with the other components of
the catalyst composition, suitably provide the catalyst
composition for use in the hydrolysis of sulfur compounds.
The group VIII metal can be selected from the group of metals
consisting of nickel and cobalt, with cobalt being preferred.
The group VIII metal component contained in the catalyst
composition can be in the elemental form or in the form of a
metal compound, such as, for example, an oxide, a sulfide and
the like. The amount of group VIII metal in the catalyst
composition can be in the range upwardly to 10 wt. %

elemental metal based on the total weight of the catalyst
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that, in conbination with the other conponents of the
catal yst conposition, suitably provide the catal yst

W@ 09p390td on for use in the hydrol ysis of sul fRECT/US2008/075913

conmpounds. The group VI netal can be selected from
the group of netals consisting of chrom um nolybdenum
and tungsten. The preferred group VI netal is either
nol ybdenum or chromi um and, nost preferred, it is

mipdedenvm. Fher graup,Vithemebate Corgarentb rcgnbab nedr 1 n

t he cat al }ést conposition can be in the elenental form
Bitd1n ithé FoF‘ﬁ{f v WP_S&BH%LH‘T%}%G&% 48nggopf from 0.5
#Xanple, cantoxi deprarsuldhivdesrand the i ke. sThe. anpuity,
of group VI nmetal in the catal XSt conposition can be
198t e efangel upweidt i 620 W * Whel’enental netal

based tonst hest phsde Weightc0f ot hey Sat@lntsl 1 €9BROSH thon o
Preferably, the concentration of group VI netal in

tHe ddcanysty edrpositiione §TpR thedHige ot Of PR 39 Vit high
madldRrb2iW; andoni ANchetADSt 1956165 ablys, f £ BuMtace Drea
to 12 wt. % . The group VIII netal conponent of the

Thttdly SPteoHpbsF YT iits Ofel 88t BEPTHER thosBegP ol M | |
fetls ok gehal.coppounds thate & CObRAt on, Wt hoo

the other cConponents of the catalyst conposition,

Byiot alpye p?!ﬁﬂi@éltyhetéat arystceasasiti oh tep 1ME@S AT
£hen ydr ok ysis, %f75shh'2fc%‘,r &empauads: yIhe, grouR ¥l Llirface
nmetal can be selected fromthe group of metals

TeAtsiist ifmgmoR2piekel tand0@obalot, with cobalt being

pr ef ficedor TNe S OUR V! oFBEAL CATRNENLRBBLALNGH 1)
the catal yst conposition can be in the elenental form
rgagurechéyf os mofsteandetral neompounehrasucktay, méppods, is in
I ' | fide,and i . apunt
%?@grgr%(??g \%?I ?Nr)rrgfoa]@icr%gtghletgcét' gl %/és}tbe'conb%%gi ﬂ)gh ca ’bethe
fordlheorangelupsneardiyhet gatelwwt . cobmlsdrmprnal s net athe range

PSelecn YOechoh oo YLl oL U1, ol NShepaves! A o.s
to 1 cc/g.

The properties of the alumina component of the catalyst
composition are important in that they must be such that a
particle may be prepared or formed from the alumina and into
which particle the metal component may be impregnated, or
incorporated, therein to ultimately provide a catalyst
composition having the pore structure and other properties as
described herein.

The alumina particles may be prepared by any suitable
method known to those skilled in the art for agglomerating or
forming a powder into a particle containing alumina. In one
suitable method of preparing the alumina particle into which
the metal component is to be incorporated, an alumina powder
or a powder of an alumina precursor, for instance, a hydrated
alumina such as hydrargillite, bayerite, boehmite, and

pseudoboehmite, is placed onto a rotating disk-pan
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metal in the catal yst conposition is in the range of
from0.5 wt. %to 6 wt. %, preferably, froml w . %

W@ 2003/09%019 % , and, nost preferably, from 2 w PCPUS08/075913

w . %. It is desirable for the catal yst conposition
to have a significantly |large surface area in addition
to having a high macroporosity and high netals

| oadi ng. Thus, the surface area of the catalyst

LORe&IrEon, aA8 weasuried sbyatbe BitdE thE poBEROMh s ithe
enerally in the range of from200 n2/g to_400 nR/g

e Ry eaFPiat Tt QU PRUECEr BT o ReLf dng RFads

fﬂéﬂﬁﬁ§%3p€3/9n§993iﬁJﬁﬁﬂgnaaﬂgm,rﬁﬁﬁaﬂﬂﬂ% cakky, dhe
surface area is from 220 n2/g to 300 n2/g The total

TS \AGISUITE - of - t W THAPa RSt W%%bs%c%%ﬁona@ﬁ%a%{ﬁ &1

Mnﬂ&%lﬂ@dstang%&d@f%%!l@@i@?l eidan netheds, vds1d b
the range of fromO0.4 cc/g to 1.2 cc/g. Mre

{57l Fyzet Reat ot héne2ger umed ofctifve tedt Aryaton

camRasici-enchscimdng rangerohaf romiQ 4a,C6L9stfednck to
cc/g, and, nost typically, fromO0.5 to 1 cc/g. The

Hgere ebeobathe @ Wfshacofponern - the catal yst

COMPQ§chi QMuAf £ I PArd @it peAgs hate thew %S'{Ehgeplsé‘&ﬂatlon
that a particle may be prepared or formed fromthe

%ﬁﬁﬁ%@aﬁﬁéyﬁﬁt@owsclﬁlﬁﬁr P cTRe t e ardtign - cbhpprient have a

YR8 IIRREGDAL & 1Y ﬂa%@r perat&d.1 thereiB 19 m,
ultimately provide a catalyst conposition having the

poriersiruet Gremandvotiver 2propertd esias- deséripedy, from

hesein..The ghumna particles nay be prepared by any
sui tabl'e nethod known to those skilled in the art for

aggl otrer atlumgn@mf orire @gltalmv\d@@mpcrﬁtlctl@npaft fle¢ einvention
oTelaliv:Y %'rrelg,eﬁ Ugiilé@elr! N0 gkt%’é ese'ifz%tf%gd ﬁéses o

preparing t um na part e Into whic
omporenturd &9, behd neadr pohat éx) , aatal mm,naalpm\dév kappa

(k), theta (8), delta (o), and alpha (o), provided that the
catalyst composition has the pore structure and other
properties as described herein. However, it is believed that
the particular phase of the alumina component of the
inventive catalyst composition may contribute to the
beneficial properties that it has toward the catalytic
hydrolysis of sulfur compounds and that the particular form
of alumina of importance is the eta phase of alumina.
Therefore, it is desirable for the alumina component of the
catalyst composition to be substantially in the form of eta-
alumina, and, in a preferred embodiment of the inventive
catalyst composition, at least 50 percent of the alumina is
to be in the form of eta-alumina, and, more preferred, at
least 75 percent of the alumina is in the form of eta-
alumina. In a most preferred embodiment, at least 90 percent

of the alumina of the catalyst composition is eta-alumina.
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or a powder of an alum na precursor, for instance, a
hydrated al um na such as hydrargillite, bayerite,

wWhowbisdey and pseudoboehmite, is placed onto BCT/US2008/075913

rotating di sk-panaggl onerator and water is sprayed
onto the powder. A s the disk-pan is rotated, the
powder forns into balls or beads. The disk-pan angle
of inclination, rotation speed, and naterials (e. g .

al umma tapdpwep £FJ+ addidfi 8Rer ak€aBF L Aompeentieh | ed e
produce spherically shaped alum na balls of desired
SPEOtRRr SPe PREH dGEPCRRATatt i VTP PP RAghnte the

d riperatdreieab chnatdorui The1E i Aedn P seRBYdbRrown to
screened to separate the balls of desired size_ range.

WMste kil Rd Jb%l e Girthéads 1 arer ket iy fh@etal compound

prepal abirRBqobr t hesLat alyist ng opPesi d1ion 19f ohBeprererred
i nvention, they may have a nom nal dianeter in the

W%ﬁﬁﬁQroﬁhﬁr@ﬁ¥§}E¥QWﬁQQ§nISlﬁn%“%ﬁ%ﬁQﬁ%ﬂﬂdylnF?oﬁ?? FAmina

O iz 1M, yan dstamsi-prieferabhy, wd QM2 imdrBh L0 4O MBPhod.
he al um na of the catal yst conposition of the

i nverticoRchay BEITEIERt PeePei HR TP HRFe6f 1phe Skewetlamina
§H¥F¥%ieohs§h§n&ﬂ§wn§%Qnea§mﬁEQ§h£$aon §3@btﬁ6%s @%@kéfﬁlng

, gamma (g ), kappa eta , delta (d ),
ApiveEr &FS pF oweaé@f&q%atcomﬁ@n@atwcy%tpr@@ﬁﬁé@rﬁ| @P\eiﬁ%%f

%HEEﬂ%@?%r%%ﬁu§$§¥§qﬁﬁ¥io%tQ%Eu@IQ@efé'é%5a%%e9§§cééfﬁ¥ion of

her ei n. However Is believed that the particul ar
Wﬁﬁﬁ@eS@ﬂtﬁh@faI@#n@ﬁﬁ%ﬁﬂﬁp@ﬁéﬁi gfmrdigdsnveént e case of

&AL XSt ICRBPOST hif 'bﬂ%ﬁ%o@on%£b§?”¢tff3ﬂé@%lbﬁBQ%%ﬁééﬂ

propertles that it has towar e catalytic drol ysis
of rlmylafgs , corpodies dndirohatie s hesplafaticsul andf mmlerfes

@Lere Qb pr&’ééd”"”“v&t' rhie e étﬁ%e 2 %o?h O%H”%Qﬁq%t

ore, i's desirable fo a conpone
mﬁtaMénmhpahvstOtompE§4mu@mat© b@1§UbsKaﬁE|aflgr¢m9ﬁﬁé

rﬁ% Ofc et 98' é‘ﬂ%% N kR PLES &N 8d TP e Qfrsor

|nveht
of the metal ox1de or metal sulfide, may be used in the

impregnation solution. Preferred salts of the group VI metal
are those including an ammonium ion, such as ammonium
heptamolybdate and ammonium dimolybdate. The concentration of
the metal compounds in the impregnation solution is selected
so as to provide the desired metal concentration in the final
catalyst composition of the invention. Typically, the
concentration of the metal compound in the impregnation
solution is in the range of from 0.01 to 100 moles per liter.
The amounts of metal compound incorporated into the alumina
particle is such that when alumina particle having
incorporated therein the metal component is dried and
calcined the final catalyst composition has the desired
concentrations of the metal components as defined herein.

The impregnated alumina particle can be dried prior to

its calcination, generally, in air and at a drying
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catal yst conposition, at |east 50 percent of the
alumna is to be in the formof eta-alum na, and, nore

wee@beswed, at | east 75 percent of the al um naP@CBHUBI908/075913

the formof etaalumna. In a nost preferred

enbodi nent, at |east 90 percent of the alum na of the
catal yst conposition is eta-alumna.ln the preparation
of the catal yst conposition of the invention, the

Rt raceIFRONENthd SrdMieOEOEabedabsit0 tshecatyimigna °c. The
particle by any sujtable neans or method known to

tHs @R P éaru FXHY drt 2P8r SPhedh ordfengeal gt Hat can

SPUNE heNEOs ard ORI o$h§9fiﬂn<jl|g&l_m&a tBakhkCtLrcidhtion
one preferred nmethod, the nmetal conponent _is

‘?%&%blbﬁt éd TRt oA AIfuft AR pat thi%e By 'a Spandartf ter

dNEi R, erhonehpessnd g ednat hanpaet hod cEheciBhabe calcined
conponents may be i npregnated |nto t he al um na

b%rt'{heblpé'eﬁ§Pﬁ@ OhebXYEEE ~FAPFeghatd dA U6l ubrehs?s alr,

Lot alchiRga0nee indi g Qf tthe petalq cenponent Sudfable for
precursors thereof. The preferred inpregnation

SPHATIGN £5°afe BRDIS FEPUPT ofF BT TTETRN §8l PEOBTAT Hee
AesIr %%t&@ty@k compoundsn b the CaaeQlongdr @BReMily, the

metal (Ni and Co), group VIII netal acetates, .
eRrPorrates, tarPeaates e RypdioxFaesrards fodt E£0maRY0 °C to 800

M xbuces, Lher eof, gy shecused s ow th the preter fedeeraply,
compound being a et al hydr oxi de or netal nitrate. In

fhren ddde “of tyrdiip V- | Theetcdlciopting BHeE WOriodaagn be in
Rt aklan%%l bet hat, Ry be @ presyrsgr, of the metal oxide

or netal sulfide, nay be used in the inpregnation
sol utlihen inPeefere ethzdlvss ebmphel graoup-sVubehet aln arle

| .
B L g
clorsent rati onood pmmlatlyowp@@mamsmeompo?ition is
Lopragnal an.sol ud o 9.88LAELED S0AT Ha.PLOVI e, the

sire oncentration 1n the final “cata
gompegied om 6fathecnavesist bonts Typicaldry tot henvert the

ygﬂgentrﬁébogdgfcégk tal Cgﬂgo%ggﬁiﬁgstg%ream to H,S,
Wthh subsequently may be removed by any of the many suitable
means or methods known to those skilled in the art for
removing H;S from a gas stream. The catalyst composition has
certain unique catalytic properties when used in the
treatment of Claus unit tail gas streams that allows for the
operation of a hydrolysis reactor at lower temperature
conditions than required for hydrolysis reactors that utilize
conventional catalysts, and the catalyst composition provides
for a high conversion of the sulfur compounds even at the
lower reactor temperature conditions. The catalyst
composition further allows for the passing of the gas stream
through the hydrolysis reactor at a much higher flow rate,
and, thus, a much higher space velocity, than is allowed for

hydrolysis reactors that are loaded with conventional
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solution is in the range of fromO0.01 to 100 nol es per
liter. The anpunts of netal conpound incorporated into

W0 b@oabwmd na particle is such that when al um nBCT/US2008/075913

particle having incorporated therein the netal
conmponent is dried and cal cined the final catalyst
conposition has the desired concentrations of the
net al conponents as defined herein. The inpregnated

edwmyia spaptt ¢l e can evduieedoprd ofidio doh§ersion of sulfur
caIC|nat|on 5%enerall , Inar and at a

HGCenper BEareeTHrchecrahge o 8556t g6oGPR 55 8t 0

250 GG tnEheptiaei perdod topidayidhichtaByiasuhi@dBysis
time period that can provide the desired amunt of

RIATRE PEP6RTt oV R HE dAICNASET Bnt Hd ar OBESAnTt He 2

ééﬂug%ﬂy%néﬂoﬂyé&éiigﬂé'd%@ai%s@oufﬁetﬁhhﬁ@agrYbnﬁbq&fB%d to
um na particle can then be calcined in

|npre%@ate
e G ESeHEes I BH- Y den PESAE aF hi Hg FINEaousHEpn agito the

&droldlsid tegpesat ung sand for o tine Qeni odst hate are
sui tabl e for achieving the desired degree of

Tl CIATAEPoATPB Priovatte UWhE PRABINT Aty $PecipEst ti on

égn&éﬂ%e'nYﬁQE'&%@ré@ﬁﬁ&ﬁb%¥ tbhenfal GIRALLONon temperature
tenperature is in the range of from 300 OC to 800 0OC,

Pf eflemghityl srbMBSFeCtear7odt o ofakd tyrpsal Claus unit

T%lelf %ra%bls¥re£{10{% 41qp 0% trgnggoogc\from-”lq Ocaé C&J‘ait2|50ﬁC For
tinme period can be in the range of fromo0.1 hour to 96

trouresitivhe | hv@mlxﬁel%amaltystth@msh tdaon tivslasktulmyst de
Rd1e Dy 0Ly SES, O Ul f e 089@95‘1@@?&5@&%&% CQP:?%yst

in a gas stream and, nore particularly, the ca
Jerdnﬁtosﬂemp@matsr@spzeiltéllel yadsefad feed He theahrmentlofis

Ciitogfaﬁss%e@ﬁ@ at-ed By Laus FBB%?@&”%E? in
er to convert the sulfur conpounds contai ne nth
I%ﬁdCQyQQ sfr elans tir 3PS ed whiithosubSeguentley mayrdeture to

*{(y?é“?q O% any, %(ct{cfle éJI&ﬁy ﬁHH $§ Oiﬁaf'l%a% Q‘ﬁ”%_go%?

no to ﬁose SKi ea In P e ar renovi ng

faomos dasistrepamatilve .cahal ys¢ conpgwsiihiventhas catalyst
composition in the treatment of a Claus tail gas stream can,
thus, provide significant energy savings by reducing the
temperature required to treat a Claus tail gas stream.

The gas stream that can be treated using the inventive
catalyst composition includes one or more gaseous compounds,
and, further, it comprises at least one sulfur compound. As
the term is used herein, a sulfur compound is a molecular or
elemental compound selected from the group of compounds
consisting of carbonyl sulfide (COS), carbon disulfide (CS3),
sulfur dioxide (S0;), and elemental sulfur (Sx). Hydrogen
sulfide is omitted from this definition of a sulfur compound;
because, the inventive catalyst composition is not intended
to provide for the conversion of H;S, but, rather, the sulfur
compounds are intended to be reduced by a reduction reaction

to hydrogen sulfide. The hydrogen sulfide may afterward be
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certain unique catalytic properties when used in the
treatnment of Claus unit tail gas streans that allows

W0 0090sm1oper ati on of a hydrol ysis reactor at PONES2008/075913

tenperature conditions than required for hydrolysis
reactors that utilize conventional catalysts, and the
catal yst conposition provides for a high conversion of
the sul fur conpounds even at the | ower reactor
temperattuhbe epadi td RS gatheteadml yste ¢RRPESEELON thus,
further allows for the passing of the gas stream

tHIOWGE EheChpdrdf ydiad ratPara bty FARFERShPghe? F1 dwe 9as

P andhet hbispe @ TGN aRigPeE s space-oreliechbhy, ot hate i s
al l owed for hydrolysis reactors that are | oaded with

ReAdntitenareat al yRE2AWBOR, SERTRLIPT GV déSEERS aCHiRrgnds,

Sanersiont el spbfdegarpaunds: atr thededueed; F €acdor
tenperature conditions . In the operation of a typica

Qﬁﬁﬁﬂ%ﬂﬂroﬁévgﬁ?dr%ﬂﬁhﬂ“sdﬁ@éé@%r_%%%ﬁqganﬂﬁﬁéﬁ§in%YQRR%?“r
Rt E&ACERY h@@gﬁdh?ﬂﬂdbd%b%Q@V§ﬁ&hQﬁ@hmﬂf@h@LY§t§ane and
catalyst, the tail gas is required to be heated up
8Hyhificcant |y prior to its introduction into the

hydr Gln¢Sics b eags Qfen it ohS o dUS, T Ayt herfdilhagasod hatned in
is discharged froma O aus unit passing fromthe

S f9@s @éﬁ@é%s@@aErkﬁ Hpepatleso cPosetirodRed into the
cpndansati o, Lenperatiunie gf @B@nfﬂﬁéﬁt£¥é|EHEalg?@

tenperature of a typical Cltaus unit tail gas streamis

o)

¢ornde trangeanfod rigmthE0 reCue 001 25r@CC.. OfFgpolume % (100
sovent) angl hydrol ysigupbts: the daid.gagtypi g ddiy,

must be heated up so that the introduction
tenperldtar eprnppur@astreentnhetot enpeirattiiee rapfet oie frain
as, fegd.t 255%%g% r%ky%|§ reactor is in the range of
?ronfggo O% to ‘%o . An§ reduction of this required
tail ’gasafréedrimbierd t emperatarest cap@shydrol ysis
Seacton uh || ﬁBIPé’& dieorSIt%lgl tigant, Gneray, %%‘Altjggr?aif dds
operation. The use of the inventive catalys
comEosiitn onden thecdmeattnmeht sfl auC@ueouadk gastained
@ﬁg§¥% %%nhydrogen sulfide so as to provide a treated gas
stream having a reduced concentration of sulfur compounds
below the concentration of sulfur compounds in the tail gas
stream to be treated. The following Table 1 presents typical
ranges for the more common components that make up a Claus

tail gas stream.
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t hus, provide significant energy savings by reducing
the tenperature required to treat a Claus tail gas

W@ 2000480019The gas stream that can be treated usPEyUS1968/075913

i nventive catal yst conposition includes one or nore
gaseous conpounds, and, further, it conprises at |east
one sul fur conpound. A s the termis used herein, a
sul fur compound is a nolecular or elenental conpound
sallectied tnensthei graup cohpeomposnds consi sting of
carbonyl sulfide (COS) , carbon disulfide (CS 2),

sul fur dioxide (SQ2), and elenental sulfur (S x).

CEdHERR SUI T 1|dErdaY RBhEECO | ERPRIMEEL AR | NI Na@RoRTREnge
sul fur conpoundivdiegause, therhRyeniote sgat alyst 3)
g@nposition i qiot 1 ptended [@. provide for Theg — 1
ggnver3|on of ﬁ%q___@ut rarngrs [nﬁ-ﬁleur GORPOURIUS
IB Tt enuelu‘_tg UB_QII EEUU(,BUI Uyodoéfuug)l l%” [~ E:BELUI_I 6;01
ur ogcit Sur 11 c._ IS 1Ty Ul UygH oS rue 11ay dihUEl 'y
alcuuvcd fro.wg&_?€5catcd 912535%%§ﬁ1 The g%% §€€caw
gﬁus, Hetudes—3 CG%“GUﬂd th“% s ot fraH-y—gaseons—or
Hs—n—the—gas—phase tQt the t:ﬁ%érlturc and p§g°§3§“
conditions—of t.gfﬁygro!ysis ;eécfor operatiAHB -~ 2.5
Exanples—of g sqeé)&s”f“@nﬂound:o'%t“élr than thé'z - 0.8
Srenmentioned &H%ur ;nnnnn g 013 nel%Ude nitPo énf 0.1
©%ygen. carbo (Hﬂﬁwlﬁp} car bbfi- g%%nxﬂ“é hvdpn én_ 0.1

Titeer SudAdr| owet- Hydr 6edr bonk0steh ds dret hané, Sét hahed

EitP et hyl ene The total concentration of sulfur

conmpounds contained in the gas streamthat is charged

to org %%%0923§§1§§£9 E%%e@¥d§9|¥§é%jﬁéﬂ%ﬁ85 a

contalnlng.t nventlve catal yst co OSItIOﬂ can e
$¥radve Pamgegod ¢rorArCLreLivol @IfTEa %L(lm EPMPPURS, 5is

rﬂ%c"é’d"ﬁnwe t&]cﬂ*lol §sSEé§é‘t%r aﬁt %%Bkgé‘héyt}%é he

fur conpound centration In the range of rom
O 102 wadl C%me@DtpynvymtahBtvgb @@erateﬁ ear bireralmbt ed,

ﬁJ&%é%?é%%yéE géﬁﬁ%%ﬁgﬂ %%a%%ion conditions. Within the
hydrolysis reactor, the gas stream is contacted with the
catalyst composition that is contained therein. A treated gas
stream, having a reduced concentration of the sulfur
compound, is yielded from the hydrolysis reactor. While the
treated gas stream will have an increase in the concentration
of H»S over that of the gas stream, the treated gas stream
will have a reduced concentration of sulfur compounds over
that of the gas stream. The reduced concentration of sulfur
compounds should, generally, be less than 100 ppmv,
preferably, less than 50 ppmv, and, most preferably, less
than 30 ppmv.

As previously noted, one advantage from the use of the
inventive catalyst composition in the hydrolysis of a Claus
tail gas stream is that it allows for the operation of the
hydrolysis reactor at a relatively low inlet temperature, for

example, of less than 250 °C. There is a minimum temperature
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particularly suited for the treatnent of a C aus tai
gas streamin order to convert the sul fur conpounds

wa@omvassed therein to hydrogen sulfide so as tRCPUS20081€75913

a treated gas stream having a reduced concentration of
sul fur conmpounds bel ow t he concentration of sulfur
conpounds in the tail gas streamto be treated. The
following Table 1 presents typical ranges for the nore

LOMANRKCORPOHLNT St it stBkedupe ai (d @tsided ngdSthe
stream Table 1 - Caus Tail Gas Conposition In the

Y BNPSs TproEess %ﬁdwIFQUFnVE%?|%ﬂ%9919§§§e§?F%%ﬁnat which

havifg atecepgent ratdQprokoacsul Ao fpOURds +8e
i ntroduced into a hydrolysis reactor that contains th%

R S Sc 6APBSTE i ioh WG TERAY 13 Operared af stPtapi® C

hydr=o) ysi s10ri 4 @dueti-0Bgr eactden i¢enduhionsn tRiRture
the hydrolysis reactor, the gas streamis contacted

Y 196 the thEt APYSR LorfFes| t1|58n G &t 248 dontdihedore

éf@ﬁé%ﬂ%d Athée§$€¥béﬁﬁ%£%%f%@Hbeﬂﬁ%h&g1% &%dﬁﬁ@drange of
concentration of the sul fur conpound, i el ded from

Fian Fypdr of yst & 3%akt oft N%WF@ttﬁéef?ﬁ%ﬁ% Fadhst r eam

ﬂ%ﬂﬂod@%%@oﬁntéﬁﬁéfgﬁﬂ%é %ft@ﬁeC§£§eﬂﬁk§ﬁiQﬂt@ftﬁgs over
that of the gas stream the treated gas stream w ||

e ly siedyeedt @briceer 40 6Reofasif fUr fe6fpouRds dwer20
{hat of the gas stream The reduced concentration of
sul fur conpounds shoul d, generally, be |ess than 100
ppnv,Ther ePerabl 59 91@§§Wrﬁaﬁf59h®ﬁmﬁr0§cﬂdiiSrrﬁ@iiCtor is

PLe1enakl Y, 1RSS4 030 £RBAV: xﬁ%? prey QQ_SL‘)ytHOI(%j bar

one advant age romthe use of the inventive catal yst
Coipbsi wison) 1 NPt diee Fdivol ﬁgp@ ofbar d%ud raii) gas’/0 bar

h t at f th
Ef%holy |§Sr2%%%ofﬁ%{ EQF %??gg1 Eﬁ%mfﬂgﬁeo (487 psi) o
Yerper dt/abe? PoF) exanpl e, of | ess than 250 0OC . There
IS aqgini %W Q@%e&a% 128t Wi g1 the 935 shr eam shoul g,

be intro uced rnto th
added reducing gas, are introduced into the hydrolysis

reactor is generally such as to provide a gaseous hourly
space velocity (GHSV) that is in the range of from 10 hr™' to
10,000 hr™*. The term “gaseous hourly space velocity” refers
to the numerical ratio of the rate at which the hydrocarbon
feedstock is charged to the hydrolysis reactor in volume per
hour divided by the volume of catalyst contained in the
hydrolysis reactor to which the gas stream is charged. The
preferred GHSV is in the range of from 10 hr™' to 8,000 hr!,
more preferably, from 500 hr™' to 5,000 hr™!, and, most
preferably, from 1000 hr™' to 4,000 hr™'

In the processing of a Claus tail gas stream, in most
instances, it will contain concentrations of water and
hydrogen, which can be the source of the reducing gas
required for the hydrolysis reaction of the hydrolysis

process. But, in the event that the gas stream does not
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hydrol ysis reactor, and, thus, the inlet tenperature
at which the gas streamis charged to or introduced

WO ni09/084089 hydr ol ysis reactor is generally in tPEr/Ds2oge075913

of from140 0OCto 250 OC. It is preferred for the
i ntroduction tenperature to be in the range of from
150 0C to 240 0C, and, nore preferred, the
i ntroduction tenperature is in the range of from 160
OG0 230sQ€ricldntd scomshtpref ef red fQructihg gas
i ntroduction tenperature of the gas streaminto the
HRIHRBIYSEs F%%B?%ﬁgtQ§Sb@aan?h%@%§ﬁj§ Srefrenta7ehoEas
dor220 Q€ isThenoperat idegiRrBSSUEE fvd Raohyds oby sirse
reactor is generally in the range of from1l bar (14.5
FAYCHY P66°Pat” (AUBEES FEreyn %@%ﬁé?ﬁbﬁ?PlFPbﬂm%F¥kﬂally
£29: Q- Rsk) LO1dP f&ﬂ't%%oﬁgdgop§$ﬂs @t iBBECLo proceed to
preferably, from3 bar (43.5 psi) to 50 bar (725.2
Psi9e LoTREMPL®W ?%at e at which the gas streamand, if
any, frhe radded; F@dUCIRd cdasrc abfedMiRduced i phor t he
hydrol ysis reactor is generally such as to provide a
b%@éﬁ&@tﬁoeﬁFQa%%&ﬁﬁ> so€fft Yhe GHSWNttiear Psti Rheherre not
fange ohskraay 19; hfndldltyo llgginQQg hind scobleckerm
"gaseous hourly space velocity" refers to the
MREYHCal- ratio of the rate at which the hydrocarbon
feedstock is charged to the hydrolysis reactor in
vol une per hour divided by the volune of catalyst
contained in the hydrol y§§mpéactor to which the gas
stream:i.s S r r .S LAt ge
of f?gﬁﬁlggﬁﬁﬁggg%Jgggggrﬁﬁg% ?g%§§§¥€f§Fé93b 5;&%$om
BOGHive £et8l 090 dnmpbsitand, andstf prief ecabbhyisér om

r 1 4 . [ u
s e St s, Urrey S e g B R Pore
soncemreabironsr ofesatferthangwo catalysts.

Inventive Catalyst Compostion

An impregnation solution was prepared by mixing agqueous
ammonia, ammonium di-molybdate and cobalt hydroxide in
amounts such as to target in the finished catalyst 9 wt.%
molybdenum (on an elemental basis) and 3 wt.% cobalt (on an
elemental basis). This mixture was heated to 45 °C and an
amount of monoethanolamine (MEA) of from 1.2 to 1.5 moles MEA
per mole cobalt was added to the mixture. The mixture was
stirred while maintaining the temperature until the metal
salts were digested. The solution was then cooled to
approximately 30 °C and topped-off with water so as to
provide a total volume of solution that approximated the pore
volume of the alumina spheres which were to be impregnated
with the solution. Alumina spheres or beads having a nominal
diameter of 4 mm were impregnated with the solution and aged

for two hours with occasional mixing to prevent
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hydr ogen, which can be the source of the reduci ng gas
requi red for the hydrolysis reaction of the hydrolysis

WEe@em3®w19 But, in the event that the gas streaPCTU8208/075913

notcontain a sufficient concentration of reducing gas
conmponents, reducing gas may be added as needed to the
gas stream It is generally desirable to have anounts
of the reducing gases in the gas streamthat are

Sl shirerebhl cahd yimeQuinaeddt @murﬁastp@lreﬂeBewere dried in
hydrol ysis reactions to proceed to_close

C SRTEEROAT THE 101 [SoViFHE SR ARBT 2F dr’d pf cEanat bgur-

e thaked kbysts atyg cerdai-Anagpests afs ke ri,pMent i oN,a
but they are not to be construed as unduly limting

P SEOpEoPTt hed | VERET RS BiHpl e | This Exanpl e |
illustrates the preparation of the inventive catal yst
conposition and of the conparison catalyst, and it

Sn a erning certain of the pore structure

propefd esmghiri fien tavr 03kl yst §. cdmuantive yCatal ¥slie tail
Conpostion An inpregnation solution was prepared by

F i G SAHABHUS BmibT A2 T5ANBAI Bin O -HfS1ipBd &R ko At S

cahalty Qxdemgﬁldm z@ﬁour@hgssygbagﬁstt q ot ahgehel Fotheyr o
f|n|shed cat al yst % mol ybdenum (on an el enent al

bes T téﬁéosemﬁxtm)e@d?@alcmpéhsaw el lermdmealiibasfeyalt and
ddH S B EUT @hé\ﬂéo&epé %%ntt%n%5 0Gnd @n 5a%un£n&>fthe

nonoet hanol am ne (VEA) from1l.2 to 5 nol es
ey hasingme 6par €1 waiss é&ﬂ@@ Fo2thb/n1xture The mi xture

was %ﬂes%%@e?ﬁhiﬁ%f@' nt aiAi BQoEQ fedﬂ%e %TvanLQtWé'ﬂore

t he net al ts were digested. The sol ution was then
coolred atso aapproki emtcd] po3e @Czan@larw;%rd offiswiedh using

f I -
ﬂg%}pcﬁ{)rf%a aEQ%PE%V'oqfe et Ohal Vel U af (S0l UL O08s fhat,

and of the comparison catalyst. As may be observed from the
plots, a greater proportion of the pore volume of the
inventive catalyst composition is contained in the pores of
significantly larger size than is found in the comparison
catalyst. Also, the plot for the inventive catalyst is
relatively level, e.g. very little slope, in the range of
pore diameters between the larger pores and smaller pores. A
significant amount of pore volume is also contained in the
smaller pores. The plot for the inventive catalyst
composition indicates a bi-modal pore size distribution of
pore sizes. The representative plot of the comparison
catalyst is, on the otherhand, not level in the middle range
of pore diameters suggesting a more even distribution of pore
sizes than that of the inventive catalyst composition.
Presented in FIG. 2 are plots of the incremental pore
volume as a function of pore size diameter, measured using
mercury porosimetry, of the inventive catalyst composition

and of the comparison catalyst. As may be observed from these
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vol une of the alum na spheres which were to be

i npregnated with the solution. Al um na spheres or
whewd®3deei ng a nonmi nal di aneter of 4 nm were PCT/US2008/075913

i mpregnated with the solution and aged for two hours

wi th occasional mxing to preventaggl oneration. The

i npregnated al um na spheres were dried in a convection

oven at a tenperature of 125 OC for one hour. The

@Idt&q spheegsevwese-waltcionedri fna Mdddenftunnpéee afoldume of
enperature of 538 OC for one hour. Conparison
1’6%&&1V§Ptﬂfﬁ§ Compari s GRTRRFAF Vet 1% PrdGrREfcial Fip pores

v adilphlre chatly gasrddreatipentngat ad ysdumriket 8 Bynparison
Criterion Cataf sts Conpany as Criterion 234 . This

et WPt Tglﬁnl%rQ?WQﬂ%ﬁréFeg By 2thinR9N sbatextrudat e

FOMYdc3itRg 1 @k UBT Nan M1t e @bgbte ande mMaleybdeBUmM vd heatalyst
cobalt content is about 2.5 wt % and t he nol ybdenum

COMEHT1Ps Apout T tRcyPUtpredkntE iavap| &ron Ehe similar

ot s of thhecgupl aldrvepanesvol ane, asra LHupet Fon @fe
pore size dianeter, measured using mercury

POrOEIiet £5 L2 bY St HEONRRE P s Balf Al $teakoiBasi 5 on and

Pépxté’é%n@c@@%' §PNs Aty ghre §h£‘@ylsb%h9*%%§BV8QtMMy and
the plots, a greater proportion of the pore vol une of

QWﬁyIﬁﬁp@nﬁhﬁes@&Fﬁﬁy§ﬁaéoﬁﬁésF@$(ﬁPWR$Q$§ﬁPaFﬁ§@lY$ﬁ¢lﬂ@usr

&5Méﬁ%ﬂ¥ét§h9nh£tQﬁﬁgl%.%@ngaaﬁ'&f%GJY%&th%nf89“93%4‘s1zes
the conparison catalyst. Also, the plot for the

brivertitve eagal ystants prebarrvenyol e posegvoveny of the
1idddi8 8l eRea1 o t%ﬂo%ﬁ%%oﬁf 1 DOL &1l 1Bt LS het MR, ¢

the larger pores and smaller pores. A significant
wnoursmadfl pore.-volune is also contained in the smaller
pores. The plot for the inventive catal yst conposition
i ndi cates a bi-npodal pore size distribution of pore

si zes. The representati viexgitte 3fL t he conpari son

fg;gg%ﬁk bSan@l tHE Ohhethand, pot levels iR the M ddle
described in Example I in the hydrolysis of a gas stream
containing a concentration of at least one sulfur compound
and presents performance data for the two catalysts.

The two catalysts of Example I were performance tested
using a tail gas pilot unit reactor equipped with a tube
furnace used to control the reactor temperature. In
preparation for the activity testing, each respective
catalyst was sulfided by introducing into the reactor for an
overnight period a feed comprising H;S and H;. A synthetic
tail gas that included H;S, SO, COS, CS,, S, H;, CO, N, and
steam was then charged to the tail gas reactor, operated at
various reactor temperatures, at a rate so as to provide a
2000 GHSV. The composition of the reactor effluent for each
of the reactor temperature conditions was analyzed using

gas/liquid chromatography. The results from the testing are
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of pore dianmeters suggesting a nore even distribution
of pore sizes than that of the inventive catalyst

i ncr ement al
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Presented in FIG 2 are plots of P€TES2008/075913
pore volune as a function of pore size
measured using mercury porosinetry,

of the

i nventive catal yst conposition and of the conparison

cat al yst.

A s may be observed fromtheseplots, a

S eadrtle PR aPORs | 51 1w itlde TePCE epeniralcrpeeeuy ok uses of

the inventive catalyst co

osition is contained in the

horedréftedi §Ri Fredtaly? IPar §&F- sfze than is found in

t he conpari son catal yst.

feak t hat
ﬂﬁ%ﬁ@rv8n€9?5$?%§d

and awayvy fromthe siml ar

COpési Frenterd iy

peak for the

This is denonstrated by the
is representative of the larger pores of the

it 88T out war dl y

caomarisan

%ﬁ%ﬂoc?gsfl.sowgﬁfpa% hé
TMosFli on shows 3
smaller pores that

, Unicoverbed t GRS idmyen

| kEfPRalnyenfigisr e
igggHYFFed out war dl

Precrertad §OS in
SBRTY( fofe Gemparison

$He sinmilar peak f

r the conparison cal

Caktly®tay from
atyst, thus,

denonstrati ng not ¢

nly a bi-nodal dist

rAbuti on of pore

34Fes but that a si

¢ni ficant proportio

h6of the pore

¥ ume of the inver

t4 ve catal yst conpo

sbeion i s

zont ai ned in the pg

rnes of very small s
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190 s Exanple 11 il

the catal ysts

described in Exanple I in the hydrolysis of a gas
stream contai ning a concentration of at |east one

sul fur conpound and presents performance data for the
two CACAFYSES 17 Thi® t wo 2¢at 5?“55]?330%? Ex NPl 8PV Neret
eerdorrancert @st esbusidagraihabl i gashPidrebteni as eactor
equi pped with a tube furnace used to control the
FEAAHIOR CEnpRE atAECT FSPPEpar 3t o' Y 3Pt RéCAELY Vit yPeen

test g, peach, resdechicke i¢at ahysty s kbl de8n byrovides
introducing into the reactor for an L

for the operation of the hydrolysis reactor at significantly
lower reactor temperatures to achieve a given conversion of
COS than the reactor temperatures required with the use of

the comparative catalyst.
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overni ght period a feed conprising H2S and H2 . A
synthetic tail gas that included H2S , SO, COS, CS2,

W®S20098901CO, N2, and steam was then charged t oP€TES1088/075913

gas reactor, operated at various reactor tenperatures,
at arate so as to provide a 2000 GHSV. The
conposition of the reactor effluent for each of the
reactor tenperature conditions was anal yzed usi ng
gas/liquid chromatographys Zhe mesults fromthe
testing arepresented in the folTowing Table 2 , which

results are illustrated in the plots of FIG ;3 . Table
b A GREGAVEFt BU RS §IPTY Héeﬁ%c%rt@ fAafént t bF eSM ddon

¥l §aﬂ%ur3c@ﬁ ouM@%F&dﬂﬂélﬁgdthﬁ @ngégnsﬂ}%a%arb@@ﬁéln said
sulfide (COS) contained in the treated gas as a
FUTCISENn COFPP R F TGP i éRper at Ui-e12/A%s IFaYP cY eard iRl
benserndf Bam & herplota it Rechnvetdoeeat gh¥stin said
conposition provides for the operation of the

PRt 1S5S CEMPRAtE BT dt2SsigRPEE canty§EUGWer CReheora large

tenmeralur 83 t0e achi AV oR0LYeine UWelSi0R,051 HES than

the reactor tenperatures required with the use of the

eomyaiatioveleat @t yBineG FIARED M POreR @At aRydtcatalyst

campasicibannysefdl s ifthesgatal ytd G Jeduehibani 6fogo A.

sul'fur conpounds contalned in a gas stream wherein

said catal yst conmposition conprises: alumna, a group

Y, In Eelal  COMPOREnt; and 3s0Loup: o iy LAk SOMRODANL caiq
wherein said catal yst conposition has a pore structure

sucte taceathag gef pércéntagerofe tirl st aif poié valalmst

O 3did 16 ﬂt@%¥§éd§9ﬂp%%EEb9@ is contained within the
pores of said catal yst conp03|t|on havi ng a pore

dlaneter greater than 10,000 A . . A catal yst

§9'H)Q§alttallggta§orﬁ§§§ tad ESCEQ&E}&& 1 BLELN, Sé‘l:d ! %}%%eln

percentage of the total pore volune of said cataly

soIThgsictupol I exeerdscchPopentens . p3serA aatabygtcatalyst

ERASILLRN; AS, L eGldigd LR ehal My O uRar MCES B we. =

and said group VIII metal component is present in said

catalyst composition in an amount in the range upwardly to 10
wt. %, wherein the weight percents are based on the metal
component being in the oxide form and the total weight of

said catalyst composition.

4. A catalyst composition as recited in any one of claims
1-3, wherein said catalyst composition has a macroporosity

greater than 30 %.
5. A catalyst composition as recited in any one of claims

1-4, wherein more than 50 % of said alumina of said catalyst

composition is in the form of n-alumina.
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said group VI netal conponent is present in said
catal yst conposition in an anount in the range

Wa@pManstioyy to 20 wt. % and said group VI netaPCT/US2008/075913

conponent is present in said catalyst conmposition in
an anmount in the range upwardly to 10 wt . %, wherein
the wei ght percents are based on the netal conponent
being in the oxide formand the total weight of said
catralasstigeapesttdHitich asAreal 8y stn CRRPOSEt bONCc BSims
recited in any one of clainms 1-3, wherein said

%a?ral%reéanb%%?ﬁ}%ﬂ? °ds “aChakiepoticsi Bprgr sat¥pe (Harfatd

S WystD comPosat By sits compashtson @sid gkt pdréd @NYsaid
one of clains 1-4, wherein nore than 50 % of said

G P& Spmgaﬁﬂt%ﬁiéFV%chénﬁ%é?t@%ﬁWQP?rlﬁeﬁﬁet?%ﬁﬁybﬁ*
h-alumna.6 . A catal yst conposition as recited in any
one of clainms 1-5, wherein |ess than 60 % of the total
'boﬂéCV@@&WétoFO%%ﬁ%Pﬁﬁﬁpaﬁﬁsfeébﬁﬁ%sw%|%ﬂ¥ P8ecoht &t HEP

wig hipethenpoLes oft88is8 cakabysti &OMESht EoRahavi NG @
pore dianmeter less than 70 A, 7 . A catal yst

st THENTABI? e tie@ i ROAnY /Shé Cofi 081 Bi/tes 1-6,

wherei n said catal yst conposition has a total surface
area in the range of from250 n2/g to 400 n2/g. 8 . A

hy dr SINPSIOS Y BE B CREZS S FonPPIBF AP NY ntTddeeiRgra gagas stream

streamdnteoa feactar J %%tbé opesatiedat sHitable
reduction reaction con itions, wherein said gas stream

eAfpricsesoads bl e c@@g@aﬁdSaaﬁdg%rﬁtaﬁ@tamngogamseg%sa
streamwbBuaqcalal Y8, (CorpAs! Lion. g Mhereln, sal d, Y a

catal yst composition conprisés alumina, a group V
eaetallysconponest t e ahgredp whid Crﬁettadlysmﬁpmp@mtlcand

Al sahd, eal a'e}’%ﬁ WQ?%&#QP o%e[R‘Bf €ndtLy
su that a ?ar e tage of the total pore vo
%ﬁlkamdadatamy@mewonp@§lMh@nels %nhtawm@dymtthompwim;lon

oI &5 O Sak g, Cat Al Y§irCIROSLt o, AV NG 13,007 65 the
total pore volume of said catalyst composition is contained
within the pores of said catalyst composition having a pore
diameter greater than 10,000 A; and yielding from said
reactor a treated gas stream having a reduced concentration

of said sulfur compound.

9. A process as recited in claim 8, wherein said sulfur
compound is present in said gas stream at a sulfur compound
concentration in the range of from 0.01 volume % to 2 volume
%, and wherein said sulfur compound is selected from the
group of compounds consisting of carbonyl sulfide (COS),
carbon disulfide (CS;), sulfur dioxide (S0;), and elemental

sulfur (Sy).

10. A process as recited in claim 8 or 9, wherein said

sulitable reduction reaction conditions include an inlet
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di anmeter greater than 10,000 A ; and yielding from
said reactor a treated gas stream having a reduced

w@omeestonat i on of said sul fur conpound. 9 . A PCDUSXE8/075913

as recited in claim8 , wherein said sul fur conmpound
is present in said gas streamat a sul fur conpound
concentration in the range of fromO0.01 volune %to 2
vol une %, and wherein said sulfur conpound is

@ﬁgﬁﬁb&@lr@r oM e greeup cef teeipPoUNds RNShalknNgr Of rom 115
carbong sulfide (COS) , carbon disulfide (CS 2),

‘SultPurPi §xi de (SC2), and el emental sulfur (S x). 10.

A process as recited in claim8 or 9 , wherein said
suitabl e reduction reaction conditions include an

Hni et Perperat af e 10 'S4 dir 88EL BFC tHatClifsEn T he rdifgein
i d reutta 06nton30Q 106 orldul APrRERSINASifheski@dddited

any one of clainms 1-10, wherein said reduced
ohdentleasi 6haf /S UG- compound in said treated gas
is less than 75 ppmv. 12. A nethod of making a
cat al yst conposition useful in the catalytic reduction

ot - §hWﬁﬁﬁoéoﬁﬁdﬂﬂﬁ§mb6hF§FﬁéﬁSFrF%FRﬁ%%téppeHﬁ?f%he%%nq¥e
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onponent and a group VIII netal conponent into an

%nltﬁﬁnhawﬁaffwel b MAtNSNgoBP LR ¢ HaVICHgORBE €4 g roup

30 ofl bapttd PR \fj%Hﬁevif‘?tmét%lc%hgbﬂégt V\ir‘i*JH %n
the pores having a pore dianmeter greater than 10

3 5iier OBy tpEEY| e SintephaEi Bt draEng Barei Ahay lsQau cd of
i ¢ ergpedi @B?et\@ohﬂﬁé %@ﬁétpﬁgv&gﬁtéﬂ{egj %tt"ﬁh}ﬁsEhe 2pores

conmposition. 13. net hod as recit in claim
el pheeaﬁwmtecf wapdegr bupn VLA, 0P8t &l teohiperent

fg¥¥' o%ﬂt§gté EOSES d %EHHEQ§C£ﬁng;gé%d §n§gfﬂe$§ ge to

rovide 1 n sal cata St conposi tion an anpunt
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13. A method as recited in claim 12, wherein the amount of
said group VI metal component incorporated into said alumina
particle is such as to provide in said catalyst composition
an amount of group VI metal component in the range upwardly
to 20 wt. % and wherein the amount of said group VIII metal
component incorporated into said alumina particle is such as
to provide in said catalyst composition an amount of group
VIII metal component in the range upwardly to 10 wt. %,
wherein the weight percents are based on the metal component
being in the oxide form and the total weight of said catalyst

composition.

14. A method as recited in claim 12 or 13, wherein said
alumina has a macroporosity greater than 30 %; wherein more
than 50 % of said alumina is in the form of n-alumina; and

wherein less than 60 % of the total pore volume of said
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to 20 wt. % and wherein the anount of said group VIII
nmet al conponent incorporated into said alum na
W@20wi3do® i s such as to provide in said catal yBET/US2008/075913
conposition an anount of group VIII netal conponent in
the range upwardly to 10 wt . %, wherein the weight
percents are based on the netal conponent being in the
oxi de formand the total weight of said catalyst
OGSt icOfiposddio MPtdadaased el diedh itheCbak 8% 12f Kaid
13, wherein said alum na has a nacroporosity greater .
THa Y56 9PTPRRRFEITh G0 E %t RaRC50 %Vt deafubiia 1% A
in the formof h-alumna; and wherein |l ess than 60 %
of the total pore volunme of saidcatal yst conposition
is contained within the pores of said catalyst
conposition having a pore dianeter |less than 70 A .
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